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'"Prenatal Exposure to Parents’ Smoking and Childhood Cancer 


Esther M. John,’ 2 David A. Savitz, 1 and Dale P. Sandier 3 


The relation between parents’ tobacco smoking prior to birth and cancer in the 
offspring was investigated with the use of data from a case-control study: Incident 
cases included all children (aged 0-14 years) diagnosed in Denver, Colorado from 1976 
to 1983. Controls were selected through random digit dialing, and matched to cases 
on age, sex, and geographic area. Information on smoking by parents and other 
household members was obtained by personal interview for 223 cases and 196 controls. 
After adjustment for father’s education* rpother’^smo^ the first trimester ofc 

pregnancy was associated with an increased risk for a# cancers combined (odds ratio 
(OR) -^1.3, 95% confidence interval (Cl) 0.7-2.1); acute lymphocytic leukemia (OR « 
19, 95% Cl 0.9-4.1), and lymphomas (OR « 2.3, 95% Cl 0.8-7.1). Adjusting for 
father‘d education, associations with father's smoking in the absence of mother’s 
smoking were found for all cancers combined (OR * 1.2, 95% Cl 0.8-2.1), acute 
lymphocytic leukemia (OR = 1.4, 95% Cl 0 6-3.1), lymphomas (OR * 1.6, 95% 0.5- 
5.4), and brain cancer (OR « 1.6,95% Cl 0.7-3.5). In spite of imprecision resulting fi€ch 
smalk gumbers of cases in diagnostic subgroups, these results are suggestive o?*S 
possible influence of parents' smoking on childhood cancer *Am J Epidemiol 
1991;133:123-32. 

brain neoplasms; child; leukemia; smoking 


Effects of maternal! smoking on the devel¬ 
oping fetus have been addressed in numer : 
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ous studies, and increased risks of adverse 
pregnancy outcomes, including spontaneous 
abortion, low birth weight, preterm delivery, 
and perinatal death, have been reported (1). 
Biochemical measurements of cigarette 
smoke constituents in the placenta (2), am- 
niotic fluid (3-5), and fetal blood (6, 7) of 
both actively and passively smoking mothers 
demonstrate the transplacental passage of 
cigarette smoke constituents. Two exposure 
pathways therefore determine fetal exposure 
to cigarette smoke: the mother's smoking 
during pregnancy and her exposure to smok¬ 
ing by others in the home (e.g., the child’s 
father, other household members) or outside 
the home (e.g., at the workplace). 

Prenatal exposure to mother’s cigarette 
smoking may also increase the risk of cancer 
in the offspring. Associations with maternal 
smoking during pregnancy have been re¬ 
ported for all childhood cancers combined! 
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(8), leukemia (9), and brain cancer (10). 
Twofold risks for acute lymphocytic leuke¬ 
mia, non-Hodgkin's lymphoma, and Wilms’ 
tumor have been associated with maternal 
smoking of 10 or more cigarettes per day 
(M). A number of studies, however, found 
no association between maternal smoking 
and childhood cancer (12-21). In laboratory 
animals, transplacental exposure to various 
cigarette smoke constituents has been shown i 
to i ncrease the incidence of tumors at several 
sites (22). In hamsters, tumors have been 
induced by transplacental exposure to ciga¬ 
rette smoke condensate (23). 

Few studies have addressed the risk of 
childhood cancer associated with father’s 
smoking. Associations have been reported 
for paternal smoking during pregnancy and 
rhabdomyosarcoma (24)j for paternal smok¬ 
ing any time prior to birth and neuro¬ 
blastoma (20), and for mothers living with a 
smoker during pregnancy and brain cancer 
(13). In other studies, no associations be¬ 
tween childhood cancer and paternal smok¬ 
ing were found (16-18, 21, 25 )j The mech¬ 
anisms involved are uncertain but fetal ex¬ 
posure to father’s smoking, albeit at a lower 
dose, may occur through the passively smok¬ 
ing mother. Another possibility is an effect 
of father’s smoking on paternal germ cells 
(24), Exposure of male rats to ethylnitroso- 
urea before mating was found to increase 
the incidence of neurogenic tumors in the 
offspring (26). Mutagenic effects in germ 
cells may result from cigarette smoking (27), 
thus supporting the plausibility of carcino¬ 
genic effects through damage to paternal 
germ cells. 

Further study of this relation is warranted, 
given the high prevalence of fetal exposure 
to cigarette smoke. In the 1980 National 
Natality Survey, 31 percent of married 
mothers of livebom infants smoked before 
pregnancy and 26 percent of married moth¬ 
ers continued to smoke during pregnancy 
(28), Furthermore, passive smoking of at 
least one hour per week has been reported 
for 63 percent of nonsmoking adults (29). 

We report here results of a study of child¬ 
hood cancer which collected data on both 
mother’s and father’s tobacco smoking dur¬ 


ing the prenatal period. Uhlike other studies, 
we were better abte to identify a truly unex¬ 
posed group by obtaining complete house¬ 
hold smoking histories for the time from 
conception to the child’s diagnosis, 

MATERIALS AND METHODS 

The data for this analysis came from a 
case-control study of childhood cancer and 
exposure to electromagnetic fields (30). Im 
cident cancer cases diagnosed from 1976 to 
1983, aged 0-14 years, and residing in the 
Denver Standard Metropolitan Statistical 
Area at the time of diagnosis were eligible. 
The cases were identified through the Colo¬ 
rado Central Cancer Registry and review of 
medical records of hospitals that did not 
provide data to the registry for the entire 
case ascertainment period (31); The 356 el¬ 
igible cases who were identified'yielded 61 
(17.1 percent) untraceable, 31 (8.7 percent) 
respondent refusals, four (1.1 percent) phy¬ 
sician refhsals, and eight (2.2 percent) not 
interviewed for other reasons such as lan¬ 
guage difficulties or incompetence. Inter¬ 
views were completed for 252 (70.8 percent) 
eligible cases, including 73 leukemias, 48: 
brain cancers, 26 lymphomas, 26 soft tissue 
sarcomas, and 79 other tumors. The group 
of “other tumors” consisted primarily of 
neuroblastomas, bone cancer, endocrine tu¬ 
mors, and a very small number of several 
other types, none of which was sufficiently 
common to be analyzed separately. 

Controls were selected through random 
digit dialing and individually matched to 
cases on age (plus or minus 3 years), sex, 
and telephone exchange area. Controls were 
assigned the identical age at diagnosis as the 
corresponding case to ensure equal reference 
periods for exposures. The 278 controls 
identified through' random digit dialing re¬ 
flect an estimated response proportion of 
78.6 percent (30). Among the eligible con¬ 
trols, 55 (19.8 percent) refused to participate 
and interviews were conducted with 222 
(79.9 percent). The overall response is a 
product of the response to random digit 
dialing selection (78.6 percent) and the pro¬ 
portion with completed interviews among 
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those selected (79,9 percent), on 62.8 percent 
overall. 

Structured interviews were administered 
in the participants’ homes by trained inter¬ 
viewers from 1984 to 1985i Telephone in¬ 
terviews were conducted for families no 
longer residing in the Denver area or those 
who refused am imhome interview (11 per¬ 
cent of cases and 2 percent of controls). 
Information was collected on potential I risk 
factors for childhood cancer, including 
smoking by both parents and other house¬ 
hold members. 

The mother’s cigarette smoking status was 
assessed separately for the 3 months prior to 
the child’s conception and for each trimester 
of pregnancy. If the mother smoked at any 
time during the year prior to the child’s 
birth, information w'as obtained on the usual 
number of cigarettes smoked per day. The 
father’s smoking of cigarettes, cigars, or 
pipes was assessed for the year prior to the 
child’s birth. Among smokers, the usual 
number of cigarettes smoked per day w'as 
assessed. Information on the presence of 
other smokers in the household was derived 
from questions regarding the number of reg¬ 
ular smokers at each residence from concep¬ 
tion to the time of the child’s diagnosis. 

This analysis was restricted to 223 cases 
and 196 controls. Excluded were children 
for whom the interview could not be con¬ 
ducted with a biologic parent (nine cases 
and 10 controls), children with missing in¬ 
formation on parents’ smoking (12 cases and 
nine controls), and children whose parents 
did not smoke but who were exposed to 
smoking by other household members (eight 
cases and seven controls). The risk of child¬ 
hood cancer was examined in relation to 
seven! exposure measures, including moth¬ 
er’s and father’s smoking during the 12 
months prior to birth regardless of their 
spouse’s smoking status, mother’s and fa¬ 
ther’s smoking before birth in the absence 
of their spouse’s smoking, and smoking by 
both parents before birth. For comparison 
with the exposed; a single unexposed group 
was defined by the absence of exposure to 
smoking by either parent or other household 
members from the period starting one year 


before birth through the time of diagnosis. 
Based on information on parents’ smoking 
before birth and on the number of smokers 
in the household, 82 unexposed cases and 
86 unexposed controls were identified. 

Since the selection of controls by pair¬ 
matching on age, sex, and geographic area 
was not intended as a unique individual 
match, unmatched analyses were conducted. 
When individual matching is based on such 
general attributes, precision is lost if the 
individual matching is retained in the analy¬ 
sis (32), For all cancers combined and for 
major diagnostic subtypes, odds ratios and 
test-based 95 percent confidence intervals 
were computed; to assess crude associations 
with mother’s and father’s smoking (33). To 
identify potentially confounding factors, 
conditional associations with childhood can¬ 
cer and with mother’s and father’s smoking 
were evaluated. For variables found to be 
associated with both the outcome and; ex¬ 
posure, stratified analyses were performed 
for all cancers combined and major diag¬ 
nostic subtypes. Adjusted odds ratios were 
computed using the Mantel-Haenszef ap¬ 
proach (34). 

RESULTS 

Sociodemographic characteristics of cases 
and controls included in this analysis are 
shown in table 1. Cases and controls were 
similar with regard to year of birth, sex, age 
at diagnosis, and mother’s race and age. 
However, control fathers had a higher level 
of education than case fathers. 

Exposure to mother’s cigarette smoking 
during the 3 months prior to conception was 
reported for 145 children (35 percent). Of 
these, 109 children continued to be exposed 
to mother’s smoking during the first; trimes¬ 
ter of pregnancy, and 97 during the entire 
pregnancy. Prenatal exposure to father’s to¬ 
bacco smoking (cigarettes, cigars, or pipes) 
during the year prior to the child's birth was 
reported for 220 children (53 percent). 

Mothers’ and fathers’ smoking was highly 
correlatedi Of the 109 children exposed to 
mother’s smoking during the first trimester 
of pregnancy, 88 (81 percent) were also ex- 
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TABLE 1 . Sociodemographic characteristics of childhood cancer cases and controls, Denver, 1976-1983 



Cases (n = 

No 

223) 

% 

Controls (n = 

No: 

196) 

% 


Year of birth 

1960-1972 

96 

43 

83 

42 


1973-1985 

127 

57 

113 

58 


Sex 

Male 

130 

58 

118 

60 


Female 

93 

42 

78 

40 


Age (years) at diagnosis 

<1i 

30' 

13 

21 

11* 


1-2 

51 

23 

41 

21 


3-4 

30 

13 

31 

16 


5-9 

48 

22 

42 

21 


10-14 

64 

29 

61 

31 


Mother’s race 

White 

192 

86 

174 

89 


Black 

18 

8 

20 

10 


Other 

12 

5 

2 

1 


Mother’s age (years) at child’s birth 

15-19 

22 

10 

9 

6 


20-34 

186 

83 

173 

88 


35+, 

15 

7 

14 

7 


Father’s education 

High school or less 

89 

411 

64: 

33 


Some college 

51 

23 

42 

21 


College graduate 

79 

36 

90 

46 



* Based on age at diagnosis of corresponding case 
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posed to father's tobacco smoking. One 
hundred and five children were exposed to 
father's smoking alone, thus allowing ex¬ 
amination of the association of paternal 
smoking with childhood cancer in isolation 
from maternal smoking. 

Crude associations of childhood cancer 
with prenatal exposure to mother’s cigarette 
smoking are presented in table 2. Classifying 
children as prenatally exposed if their 
mother smoked cigarettes during the 3 
months prior to conception, an odds ratio 
(OR) of 1.3 (95 percent confidence interval 
(CI) 0.8-2.0) was found for all cancers com¬ 
bined. Odds ratios were highest for acute 
lymphocytic leukemia (OR = 2.1,95 percent 
CI 1.0-4.3) and lymphomas (OR = 1.9, 95 
percent CI 0.7-5.2), although the number of 
lymphoma cases was small (n = 17). There 
was no association of mother's smoking with 
solid tumors, including brain cancer (OR - 
0.9), soft tissue sarcoma (OR = 1.2), and 
other tumors (OR — 1.1 )l Restricting the 
exposed to children whose mothers contin¬ 


ued to smoke cigarettes during the first 
trimester of pregnancy increased the odds 
ratios for all cancers combined (OR = 1.5), 
acute lymphocytic leukemia (OR =2.3), and 
lymphomas (OR = 2.5) (table 2), Further 
restriction of the exposed to children whose 
mother smoked throughout pregnancy in¬ 
creased the odds ratio for acute lymphocytic 
leukemia to 2.5 and that for lymphomas 
to 2.7. 


Dose-response relations were evaluated by 
the reported number of cigarettes smoked 
per day (table 2). For all cancers combined, 
the odds ratios for lighter smoking (10 or 
fewer cigarettes per day) and for heavier 
smoking (.11 or more cigarettes per day) were 
1.3 (95 percent CI 0.7-2.7) and 1.7 (95 
percent CI 1.0-3.0), respectively, for mater¬ 
nal smoking during the first trimester, sug¬ 
gesting a dose-response gradient. A similar 
trend for maternal smoking during the first 
trimester was found for acute lymphocytic 
leukemia, with an odds ratio of 1.9 (95 
percent CI 0.7-5.6) for lighter smoking and 
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an odds ratio of 2.6 (95 percent Cl 1.1-6.3) 
ftoT heavier smoking. 

W£ot all[ cancers combined, father’s tobacco^ 
smoking (cigarettes, cigars, or pipes) during 
the year prior to the child’s birth produced 
a crude odds ratio of 1.3 (95 percent Cl 0.9f- 
2.0j (table 3). The strongest associations 
were found for acute lymphocytic leukemia 
(OR = 1.9, 95 percent Cl 1.0-3.7) and lytp^ 
phomas (OR * 1.9, 95 percent Cl 0.7-4.8X 
Ajslightly elevated odds ratio was also found 


f for braii^cancer (OR * 1.4, 95 percent G / 
0.7-2.8).^Soft tissue sarcomas (OR = 0.8) 
and other tumors (OR = 1.1) were not as¬ 
sociated with father’s smoking. For all can¬ 
cers combined and acute lymphocytic leu¬ 
kemia, the associations with father’s smok¬ 
ing actually decreased slightly with an 
increasing number of cigarettes smoked 
(table 3). 

Table 4 presents crude odds ratios for 
children prenatally exposed to smoking by 


TABLE 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for the association between mother’s 
cigarette smoking and childhood cancer, Denver, 1976-1963 

Mother’ § smoking during 3 Mother’s smoking during first Mother's smoking during 

months prior to conception trimester of pregnancy three trimesters of pregnancy 




E-t 

OR 

95% Cl 

E+* E-t 

OR 

95% C! 

E+* 

E-t 

OR 95% Cl 

Controls 

65 

86 

1.0 


44 86 

1.0 


41 

86 

1.0 

AJI cancers, by no. of i 











cigarettes/day 

80 

82 

1.3 

0.8-20 

65 82 

1.5 

1.0-2.5 

56 

82 

1.4 0.9-2:4 

1-10 

32 

'82 

1.3 

0.7-2 4 

23 82 

1.3 

0J7-2.7 

22 

82 

14 0.7-2.7 

11 + 

48 

82 

1.3 

0.8-22 

42 82 

1.7 

1.0-3.0 

34 

82 

1.5 0.8-2.7 

Acute lymphocytic leu- 











kemia, by na of 











cigarettes/day 

24 

15 

2 1 

1.0-4.3 

18 15 

23 

1.1-5.0 

18 

15 

2.5 1.2-5.4 

1-10 

9 

15 

2.0 

0.8-5.0 

6 15 

1.9 

0.7-5.6 

6 

15 

2.0 0.7-5.9 

11 + 

15 

15 

2.2 

1.0-4.9 

12 15 

2.6 

1.1-6.3 

12 

15 

2.9 1.2-6.8; 

Other leukemias 

4 

7 

0.8 

0.2-2.7 

4 7 

1.1 

0.3-4.0 

2 

7 

0.6 0.1-3.0' 

Lymphoma 

10 

7 

1.9 

0.7-5.2 

9 7 

25 

0.9-7.0 

9 

7 

2.7 1.0-7.6 

Brain cancer 

11 

16 

0.9 

0.4-2.1 

8 16 

1.0 

0.4-2.5 

6 

16 

0.8 0.3-2 2 

Soft tissue sarcoma 

10 

11 

1.2 

0.5-30 

7 11 

1.2 

0.5-3.4 

7 

11 

1.3 0.5-3.7 

Other tumors 

21 

26 

1.1 

0.6-2.1 

19 26 

1.4 

0.7-2.9 

14 

26 

1.1 0.5-2.4 

• E+, exposure to mother's cigarette smoking 








t E-, no exposure to smoking by parents and other household members before and after birth. 



TABLE 3. Odds ratios (ORs) and 95% confidence intervals (CIs) for the association between father’s 

tobacco smoking and childhood cancer, Denver, 1976-1983 











E+* 

E-t 


OR 


95% Cl 

Controls 





98 

86 


1.0 



AH cancers, by no. of cigarettes/day 



122 

82 


1.3 


0.9-2:0 

1-10 





23 

82 


1.9 


09-3:9 

11-20 





48 

82 


1.3 


08-2:1 

21+ 





35 

82 


1.0 


0.6-1.8 

Acute lymphocytic leukemia, by no. of 









cigarettes/day 





32 

15 


1.9 


IlO-37 

1-10 





6 

15 


2.6 


0.9-7.9 

11*20 





11 

15 


1.6 


0.7-3.7 

21 + 





10 

15 


1.6 


0.7-4 0 

Other leukemias 





6 

7 


0.8 


0.2-23: 

Lymphoma 





15 

7 


1.9 


07-4.8 

Brain cancer 





26 

16 


1.4 


0.7-2.8 

Soft tissue sarcoma 





10 

11 


0.8 


03-2.0' 

Other tumors 





33 

26 


1.1 


0.6-2 0' 


* E+, exposure to father's tobacco smoking (cigarettes, cigars or pipe) during the 12 months prior to birth, 
t E—, no exposure to smoking by parents and other household members before and after birth. 


Source: https://www.industrydocuments.ucsf.edu/docs/fjyxOOOO 
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TABLE 4. Odds ratios (ORs) and 95% confidence intervals (CIs) for the association between parents’ 
smoking and childhood cancer, Denver, 1976-1983 


TABLE ! 
smoking 



Mother's cigarette 
smoking rn the 
absence of father s 
smoking* 

Father s tobacco 
smoking in the 
absence of 
mother's smoking! 

Mother'sand 
father s smoking! 

j ___ 


OR 

95% Cl 

OR 

95% Cl 

OR 

95% Cl 

l ' * 

A 

All cancers 

1.7 

0.7—4.3 

1.4 

0.9-2.3 

1.5 

0.9-2.6 

f L' 

Acute lymphocytic leukemia 

2.9 

0.8-1 0j3 

1i.7 

0.7-38 

22 

1.0-5.0 

B 

Other leukemias 

1.5 

0.2-14.0 

0.8 

0.2-3.3 

1.0 

02-4.2 

_- 

Lymphoma 

3.1: 

0.6-16.2 

1.9 

0,6-57 

24 

08-7.2 

• Exp* 
t Exp 

Brain cancer 

§ 


1.9 

0 j9— 4.2 

1.2 

05-3.0 

% Exp 

Soft tissue sarcoma 

2.0 

04-10.2 

0.7 

0.2-2.3 

1.1 

04-3.4 

birth. 

Other tumors 

1.7 

0.5-5.9 

1.3 

0.6-2.5 

1.4 

0.7-2.9 



* Exposure to mothers smoking during the first trimester of ipregnancy (13 exposed cancer cases, 8 exposed controls), 
t Exposure to father s smoking dunng the year poor to the child s birth, in the absence of mother's smoking (60 exposed cancer, 
cases, 45 exposed controls), 

t Exposure to mother's smoking (first tnmester) and father's smoking (year poor to child's birth) (52 exposed cancer cases. 36 
exposed controls). 

§ 0 exposed cases, 8 exposed controls 


either parent alone and by both parents. 
Independent associations with both moth¬ 
er s and father’s smoking were found for all 1 
cancers combined, acute lymphocytic leu¬ 
kemia^ and lymphomas. Associations with 
exposure to mother’s smoking alone tended 
to be stronger than those with father’s smok¬ 
ing alone, although the risk estimates for 
mother’s smoking were highly imprecise, 
due to the small number of children exposed 
to mother’s smoking only. Crude associa¬ 
tions with prenatal exposure to smoking by 
both parents exceeded those observed' for 
smoking by the father alone, but were lower 
than the odds ratios associated with mother’s 
smoking alone. For prenatal exposure td 
both mother’s and father’s smoking^Txtds 
ratios were 1.5 (95 percent Cl 0.9-2 6) for 
all cancers combined, 2.2 (95 percent Cl 
I.0-5.0) for acute lymphocytic leukejnia? 
and 2.4 (95 percent Cl 0.8-7.2) for lympho¬ 
mas. For children exposed to father’s smjp^ 
ing only before birth, an odds ratio 
(95 percent Cl 0.9-4.2) was observed for® 
brain cancer (table 4). However, prenatal 
exposure to both mother's and father’s 
smoking was not associated with brain can¬ 
cer (OR = 1.2, 95 percent Cl 0.5-3.0), 

To take into account differences between 
cases and controls, analyses were performed 
with stratification by child’s sex, year of 
birth, age at diagnosis, mother’s race, father’s 


education, per capita family income, prior 
miscarriage, fetal x-rays, mother’s alcohol 
consumption during pregnancy, father’s ab 
coholiconsumption during the year prior to 
the child’s birth, mother’s illnesses and med¬ 
ications taken during pregnancy, and expo¬ 
sure to electromagnetic fields at the time of 
diagnosis. 

Individual adjustment for these variables 
provided evidence against confouding of 
either or both parents’ smoking, with the 
exception of father’s education: Adjustment 
for father's education reduced the odds ra¬ 
tios across all diagnostic subgroups, suggest¬ 
ing some confounding of the unadjusted 
estimates (table 5). Examination of stratum- 
specific odds ratios also provided some evi¬ 
dence for a modifying effect of father's ed^ 
ucation on the association between prenatal 
exposure to smoking and childhood cancer. 
For all cancers combined, acute lymphocytic 
leukemia, and brain cancer, enhanced asso¬ 
ciations were noted among children fronr 
more educated families, although the 
stratum-specific risk estimates were impre¬ 
cise. Because 80 percent of the nonwhite 
children (n = 52) were from less educated 
families, stratified analyses by father’s edu¬ 
cation were also performed restricted to 
whites only. The same pattern of effect mod¬ 
ification was found (not shown). 

Our data also suggested effect modifica¬ 
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TABLE 5. Odds ratios (ORs) and 95% confidence intervals (GIs) for the association between parents’ 
smoking and childhood cancer, with odds ratios adjusted for father’s education, Denver, 1976-1983 


Mother's smokingf Father's smokingt 


Mother s and 
father s smoking} 



OR 

95% Cl 

OR 

95% Cl 

OR 

95% Cl 1 

All cancers 

1.3 

0.7-2.1 

1.2 

0.8-2.1 

1.2 

0.7-2.1 

Acute lymphocytic leukemia 

1.9 

0.9-4.1 

1.4 

06-3.1 

1.8 

08-4.0 

Lymphoma 

2.3 

0.8-7.1 

1.6 

0.6-5.4 

2 1 

06-7,3 

Brain cancer 

0.7 

0.3-1.7 

1.6 

0.7-3.5 

0.8 

0.3-2 1 


* Exposure to mother s cigarette smoking dunng the first trimester of pregnancy, 
t Exposure to father’s tobacco smoking during year poor to birth, in the absence of mother's smoking 

t Exposure to mother's cigarette smoking during the first trimester and father's tobacco smoking dunng year poor, to child's 
birth. 


lion by the child’s sex. For prenatal exposure 
to both mother’s and father’s smoking, eri-£~ 
jhanced risks v^re observed among npale 
children compared with female childrenTor 
all cancers combined (OR = 1.8 for males, 
OR = 1.2 for females) and for acute lym¬ 
phocytic leukemia (OR = 2.7 for males, OR 
— 1.7 for females). For brain cancer, an 
association was found among male children 
(OR = 2.2), but not females (OR = 0.8). 
Associations with father’s smoking (in the 
absence of mother’s smoking) were observed 
for male children only, with odds ratios of 
2.1 for all cancers combined, 2.8 for acute 
lymphocytic leukemia, and 4.9 for brain 
cancer. For female children, odds ratios were 
0.8 for each of these diagnostic groups. In 
contrast, odds ratios for lymphomas associ¬ 
ated with mother’s and father’s smoking 
were higher among female children than 
male children. 

DISCUSSION 

f Our findings provide additional evidence 
that prenatad jsxposum to cigarette,smoking * 
may be a risk factor for cancer in children. 
In this analysis, prenatal exposure to par¬ 
ents’ smoking was associated with an in¬ 
creased risk of all cancers combined, acute 
lymphocytic leukemia, and lymphoma. For 
brain cancer, an association was only found 
for father’s smoking in the absence of moth¬ 
er’s smoking. Associations tended to be 
slightly stronger among children from fam¬ 
ilies of higher education and among male 
children. 


The possibility of both systematic and ran¬ 
dom error needs to be addressed in inter¬ 
preting these results. Response rates were 
not optimal, particularly among controls. 
Although smokers may very well have beem 
less likely to participate than nonsmokers, 
the results would be invalid only if the mag¬ 
nitude of this tendency differed for cases and! 
controls (35), iie., if case parents who 
smoked were more likely to respond thani 
control parents who smoked. Furthermore, 
adjustment for markers of social class would; 
require this differential nonresponse to op¬ 
erate within social class strata to bias the 
results. Nonetheless, no data from nonre¬ 
spondents were available to directly address 
this possibility and the interpretation of re¬ 
sults should be tempered by this concern. 

In contrast to other reports (36), in this 
study, controls, who were selected through 
random digit dialing, came from more edu¬ 
cated families than did cases. This may be 
due to a lower response among controls from 
less educated families rather than to a bias 
in telephone coverage, which has been 
shown to be adequate in urban areas (37). 

Information on smoking status of parents 
and other household members was based on 
self-report, generally by the child’s mother, 
and could not be validated. If case mothers 
were more likely to overreport or underre¬ 
port smoking during pregnancy, one would 
expect to see this bias across all diagnostic 
subgroups. The apparent specificity of the 
observed associations suggests that recall 
bias alone is unlikely to account for the 
observed elevations in risk. On the other 
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hand, if all case and controli mothers un¬ 
derreported smoking during pregnancy, ex¬ 
posure misclassification would tend to bias 
the odds ratios toward the null. 

Adjustment for confounding variables did 
not substantially alter the crude odds ratios. 
It is always possible that the effect of some 
unmeasured risk factor was not considered: 
However, it would have to be very strong to 
account for the observed associations. The 
virtual absence of identical strong risk fac¬ 
tors for specific childhood cancer types (36) 
argues against that' possibility. 

Finally, the imprecision in the odds ratios 
implies that the true magnitudes of associa¬ 
tion may be markedly greater or less than 
the point estimates that were observed. Fu¬ 
ture studies need to overcome the logistical 
difficulties of identifying adequate numbers 
of cases for these rare diseases. 

Our findings are consistent with several 
other reports. Associations of mother's cig¬ 
arette smoking during pregnancy with leu¬ 
kemia (9) and acute lymphocytic leukemia 
(11) have previously been reported, though 
the evidence is not consistent (12, 15; 17, 
18). The observed increased risk for lympho¬ 
mas is consistent with associations reported 
for non-Hodgkin’s lymphoma (11), ah 
though two studies found no association 
with non-Hodgkin’s lymphoma (18) and 
lymphoma (17). In this study, brain cancer 
was not associated with maternal smoking 
during pregnancy, which is consistent with 
previous reports (9, 11, 13, 17, 21). Based 
on a small sample size, a fivefold increase in 
the risk of brain cancer was reported by Gold 
et al. (10). In a study of adult cancer and 
exposure to parental cigarette smoking be¬ 
fore age 10 years, Sandler et al. (38) observed 
no association between mother’s smoking 
and most tumor sites, with the exception of 
leukemia and lymphoma (OR = 2.7, 95 
percent Cl 1.3-5.8). An established biologic 
mechanism for transplacental carcinogene¬ 
sis enhances the likelihood that these find¬ 
ings pertaining to maternal smoking may 
represent an etiologie association. 

There are few previous reports on the risk 
of childhood cancer associated with paternal 


smoking. For father’s smoking in the ab¬ 
sence of mother's smoking, we found mod¬ 
est increases in the odds ratios for all cancers 
combined, acute lymphocytic leukemia, and 
lymphoma. An association with father’s 
smoking in the absence of mother’s smoking 
was also noted for brain cancer. However, 
for prenatal exposure to both mother’s and 
father’s smoking, there was no association 
with brain cancer. Preston-Martin et al. (13) 
reported an odds ratio of 1.5 for mothers 
who lived with a smoker during pregnancy, 
whereas no association with maternal smok¬ 
ing during pregnancy was found, which is 
consistent with our results. In contrast, 
Howe et al. (21) reported no association of 
brain cancer with paternal smoking during 
pregnancy. Sandler et al. (38) found excess 
brain cancers among adults to be associated 
with childhood exposure to father’s smok¬ 
ing, whereas there was no association with 
exposure to mother’s smoking. Although 
there are theoretical biologic mechanisms 
linking paternal exposure to cancer risk in 
the offspring through genetic mutations, em¬ 
pirical evidence in support of this process is 
limited. 

In this analysis, we compared cases and 
controls with prenatal exposure to smoking 
to children without exposure to smoking by 
parents and other household members dur¬ 
ing the prenatal and postnatal periods Pre¬ 
vious studies may have underestimated the 
risk of childhood cancer associated with pre¬ 
natal exposure to cigarette smoking due to 
potential misclassification of children ex¬ 
posed to father’s smoking as unexposed. If 
father’s smoking is an independent risk fac¬ 
tor for childhood cancer, misclassification of 
children with exposure to paternal smoking 
as “unexposed” would tend to underesti¬ 
mate the true association with maternal 
smoking. The questionnaire in the present 
study did not elicit any information on ma¬ 
ternal exposure to cigarette smoke outside 
the home. It is therefore possible that some 
children classified in this analysis as unex¬ 
posed were actually passively exposed out¬ 
side the home. It is, however, unlikely that 
such exposure misclassification is difleren- 
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tially distributed among cases and controls, 
so it would bias the risk estimates toward 
the null. 

In our data, adjustment for father’s edu¬ 
cation slightly reduced the odds ratios for 
both maternal and patemallsmoking. There 
was also some indication of effect modifi¬ 
cation, with stronger associations observed 
among children from more educated fami¬ 
lies, but there is little basis for arguing that 
this reflects a true interaction rather than 
random error. 

In this analysis, there also appeared to be 
effect modification for the child’s sex, A 
greater risk of cancer associated! with pre¬ 
natal exposure to cigarette smoke was found 
for male children. There is some evidence 
that prenatal exposures may affect male and 
female fetuses differently. A stronger asso¬ 
ciation of maternal smoking during preg¬ 
nancy on proportional reduction in birth, 
weight and length among male infants com¬ 
pared with female infants has been reported 

(39) . Male infants have also been reported 
to have greater reductions in birth weight! in 
relation to maternal alcohol consumption 

(40) . This study provides some evidence for 
an analogous effect of smoking on childhood 
cancer among male versus female offspring. 

The major difficulty in interpreting the 
results with regard to source of exposure is 
that most children prenatally exposed to 
mother’s smoking were also exposed to fa¬ 
ther’s smoking. Although the number of 
children exposed to either parent’s smoking 
alone was small, our data suggested that both 
sources of exposure may be independent risk 
factors. The interpretation of the results is 
further complicated by the fact that most 
parents who smoked before the child’s con¬ 
ception continued to smoke during preg¬ 
nancy and after the child’s birth. Children 
who w'ere transplacentally exposed to paiv 
ents’ tobacco smoking therefore become 
passive smokers after birth: 

Maternal smoking is among the most 
prevalent potentially harmful exposures dur¬ 
ing pregnancy and remains a significant 
public health concern (41). Given the prev¬ 
alence of maternal smoking among controls, 


the estimated relative risks for first trimester 
smoking obtained in this study, and! the 
assumption that the associations are causal; 
it is estimated that 6 percent of all childhood 
cancers and 17 percent of acute lymphocytic 
leukemias might be attributable to this ex¬ 
posure. However, the risk estimates from 
our study are limited due to small numbers. 
Further studies that use larger case groups 
of specific cancers (acute lymphocytic leu* 
kemia, lymphoma, and brain cancer): and! 
that consider the independent effects of pre¬ 
natal exposure to maternal and patemall 
smoking, as well as passive smoking in early 
childhood, are therefore warranted; 
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